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ORION and ROCKY

Resistive Overload Combined with
Kinetic Yo-yo (ROCKY) prototype

Cutaway of the Orion crew module, showing the ROCKY exercise device in blue,
below the side hatch that astronauts will use to get in and out of the spacecraft.
Credit: NASA




task and client

 box dimensions: 21'"x13.5"x7.5"

« anthropometric variations require biomechanical adaptations
« wider stance can reduce risk of musculoskeletal injuries 1he
« allows greater range of motion while performing exercises Ofgl{ro
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workflow scheme

visit to ZIN
technologies

external
experts

introduction

thematic
research

concept
development

translation to
application

L

basics in biomimetics
exercise in microgravity
basics in biomechanics
tools and methods

exercise machines
materials for spaceflight

physiology
soft materials

task definition
functional analogies
role model research
datasheets

design
role model research

prototyping Th

. C.
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thematic research
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project and theme overview

folding
deployability
box
shape change
wedge recoil
_ adhesion
yoga suit multifunctionality
stepper
resistant band o
additional
accessories
crutch )
euplectella handle bar econnection locking joint
pinecone origami fold

fun virtual reality

mindfulness

bird wing
angler fish

honeycomb

beech leaves
bird wing
angler fish

fly
flower petals

DNA

butterfly
chameleon

gecko feet
gecko tape

burdock barbs
velcro

octopus

jaw

darkling beetle :[he .
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projects

boXx
accessories

rope

surface adhesion
extended surface
addition of accessories
« handles

« exercise band
program

hierarchical structuring
segmentation

abrasion resistance -
coating

abrasion resistance -
electricity and humidity
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role models from biology
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accessories
explored key functions with biological model(s) for initial exploration:

 surface adhesion
gecko, velcro

« extended surface
folding structures, leaves and flower petals, bird feathers,
honeycomb, angler fish, insect wings

« addition of accessories
« handles
« exercise band
human physiology

« program and virtual reality
psychology
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adhesion
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ACCESSORIES




ACCESSORIES
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ACCESSORIES




ACCESSORIES

adjustments to handholds

e versatility of grips and hand holds
o diversify exercise equipment

e allow for different exercises to be done




exercise program




exercise program




exercise program
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Feet hip width apart standing on exercise
band

Toes point forward and slightly outward
Head facing forward
Core engaged

Elbows in extension alongside body

Forearms supinated & hands grasping handles

Hands curl superiorly with elbows tight to the

body

Supinate hands away from body
Head in line with neutral spine
Eyes looking up

Back straight and core engaged
Hip cut backwards

Knee flexion to 90°

Knee stay behind toes

Return to standing position

Shoulder blad d4 AL

Chest

Core engaged

Head facing forward
Hands press over head
Arms locked out over head

Arms return to starting position

Major Muscles Used

Biceps brachii
Brachialis
Deltoids

Rectus abdominis

Rectus femoris
Vastus lateralis
Vastus medialis
Gluteus maximus
Rectus abdominis

Erector spinae

Trapezius
Latissimus dorsi
Biceps brachii
Deltoid

Teres major

Teres minor

Preparation Phase 3k
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Feet hip width apart

Toes point forward

Knees flexed

Head facing forward

Core engaged

One hand grasps handle anteriorly
Other hand grasps handle anteriorly

Arm extended and locked out

Legs stay put

Back straight and core engaged

Hands pull handle diagonally across body
Trunk is stabilized with a tight core

Arms stay locked out

Finish the motion above the head
Shoulders avoid excessive rounding
Trunk is still facing forward

Arms slowly lower to starting position

Major Muscles Used

e  Flexor carpi ulnaris,

e  Flexor digitorum profundus
e  Palmaris brevis

e  Flexor digiti minimi

e Opponens digiti minimi

e  Adductor pollicis

e  Flexor pollicis brevis

e Rectus abdominis
e External oblique
e Internal oblique

e Transverse abdominis

e Rectus abdominis
e External oblique
e Internal oblique

e Transverse abdominis



rope

ARED on ISS

Provides bar and cable (rope)
exercises and contains an inertial
flywheel system to simulate the
feel of 1-g free-weights
Deployed in January 2009 and
continues to be in service today




rope failure modes

Polyester Rope Splice Pull-Out




functional mappin
pping natural fibre structures

human spine

anelids

tension resistance

fish fins

muscular hydrostats

abrasion
\ 1 hydrostatic skeletons

low elasticity / elongation \ knee
.'l sandfish skink
sensing snake

toucan

low friction
wood
;{ venus flower basket

modularity / segmenation \ uscles
//‘}:’ bone
multilayer / hierarchical =
cells
self repair hair

shoulder joint

earthworm

twizzlers




functional mapping

human spine

anelids

tension resistance

muscular hydrostats

1 hydrostatic skeletons

low elasticity / elongation \ knee

sensing snake

toucan

low friction
wood
?‘[ venus flower basket

muscles

bone

cells

hair

self repair

earthworm

twizzlers




rope redesign

explored 4 key functions with biological model(s) for initial exploration

hierarchical and structural as it relates to core strengthening
natural fiber structures & wood fiber cell structure

extend life of rope through modular replacement of most damaged area
(segmentation)
fish fins and shoulder joint

abrasion resistance of rope
sandfish skink for abrasion resistant coating or sheath

abrasion resistance of the surface (i.e. pulley, flywheel)
earthworm
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hierarchy

Twisted

Double
Braided

Solid
Braided

Hollow
Braided

Solid Braided Bamboo-Stem Inspired 'Ihe.



segmentation
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abrasion coating

Friction angle [°]

35-

m friction angle
« friction coefficient -0,7

sandfish skin steel glass colubrid skin nylon teflon

Friction coefficient



abrasion prevention by lubrication

Mowing direction of water in soil

'9‘4\, = 5 G 7 - % esi
& s | Az "rw @_%#{. s s
f 'VS' fﬂé”J > '#:E‘?\!“ "'::H B 2
rr.-\. }rbi“k -‘ig' \
S 00 0 0 O @ S 06 e O

Stimulating tissue or cells
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conclusion

many interesting concepts generated

task definition took a long time

not enough time to do role model research
good teamwork in interdisciplinary groups

environment at UA allowed to call in external
advisors in different areas
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